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The combined oral contraceptives contain an 

estrogen (17.alpha ethinyl estradiol or mestranol) 
and a progebtill. Ttlihcculllbirled pill is the Irlost etTec- 
tive method of birth control currently available [ I I. 
Users of the combined oral contraceptive have a 

iower unwanted pregnnni-y raie arid iess break- 

through bleeding than users of the oral contraceptive 

containing only a progestin (minipill). The lower 

pregnancy rate of the combined pill is in part due 

to an estrogen action at the hypothalamic-pituitary 

axis. FSH secretion is reduced and the ovarian fol- 
licles do not mature[Z]. The estrogen aIso acts at 

the endometrium to prevent irregular shedding of 

cells which leads to bleeding between periods. Ac- 

cordingiy, the inciusion of the estrogen provides 
substantial benefits: however. there are also deficits. 

Rare. but serious. side effects associated with the 

combined oral contraceptives have been related to 
the presence of the estrogen. The estrogen may 

contribute to the observed increase in the incidence 

of thrombosis, heart attacks. hypertension. gall- 

bladder disease and liver tumors (31. The increase in 

incidence of heart attacks is most marked in women 

older than 40 years of age who are still taking the 

birth control pill and who ZIISO smoke cigarettes 14). 
The rare liver tumors are usually benign. but a few 

fatalities have been reported following hemorrhagc 

into the liver and peritoneal cavity (51. For women 

in their earlier reproductive years. the mortality 
from the pill is low. It ib lower than deaths related 

to unwanted pregnancies if no contraceptives are 
used and is in the samc range as the mortality due 
to other single. reversible methods uf birth control 
(considering deaths due to the method and to fatal 
complications of unwanted pregnancies if the 

method fails) 161. 

Estrogens have been used alone in some other 

clinical situations. Estrogen replacement ther;lpy 

during and after menopause has been associated 
with an increased risk of gallbladder disense171. 

hypertension IX] and the detection of endometrial 

cancer [Y ]. There has ;IISO been one report of a 
hepatoma found during estrogen therapy (which 
repressed after discontinuing the estrogen) I IO]. An 
increase in thromboembolism wasdetected in thera- 
peutic trials when high doses of estrogens were 
administered to men either with prostatic cancer [ I I 1 
or after ;I heart attack 1121. 
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The mechanisms by which estrogens increase the 

incidence of the Gde effectsare not established. The 
\ide effects might be produced hy the earogens 

acting in multiple organs and by several separate 

mechanisms. At least some of the major side effects 

may be initiated by the interaction of an estrogen 
with the liver. producing changes in liver function 

which may then contribute to a Gde effect in :I 

susceptible woman. 

The liver is likely to be the estrogen target organ 

for the observed increase in the incidence of gall- 
stones and of the hepatomas. It has been shown that 

women using the combined oral contraceptives have 
an increased concentration of cholesterol relative to 

. 
bile acid in the hiie secreted by the liver. The 

cholesterol, which is normally kept in colloidal 
solution hv the bile acids. is supersaturated in 

concentration and precipitates as stone\ in the 

gallbladder ( 131. 
Although the blood vessels are ultimately in- 

volved in the cardiovascular complication\. it is not 
known if this is a direct or indirect estrogen effect. 

One report has described vascular leGon\ thought 

to have some distinctive feature4 in oral contra- 

ceptive users with fatal thromhoses [ 1-11. Indirect 
influences on blood vessels could he esertcd hy 

changes in clotting mechanisms. platelet function. 

atherogenesis and hypertension. The levels of 
plasma clotting factors [ IS] and inhibitors [ 16). 
lipoproteins [ 171 and renin substrate I IX] are 

changed in women taking oral contraceptive\. These 
plasma proteins are aynthesized in the liver. 

An increase in clotting factors VII and X ( I51 and 

a decrease in the clotting inhibitor anti-thromhin 

III [ Ih] may contribute to the enhanced occurrence 

of thrombosis I I7]. Estrogens might contribute to 
heart attacks both by the clotting abnormalities and 
by accelerating atherosclerosis via enhanced hepa- 

tic synthesis of plasma triglycerides and prehetit- 

lipoproteins [ I7]. Elevated levels of pla\rna renin 
substrate observed in oral contraceptive user4 might 

initiate thedevelopment of hypertension. Reninsuh- 
strate is cleaved by the enzyme renin from the 
kidney into angiotensin which is rapidly converted 
to the potent vasoconstrictor antigiotensin II. An 
increase in angiotensin resulting from clrvated 

plasma renin substrate usually has a feedback action 

at the kidney to inhibit rain secretion. An eupla- 
nation for individual susceptibility to the develop- 

ment of hypertension while using the oral contra- 



ceptives has been proposed 1 IX]. In the steady state. 

most oral contraceptive users have high renin sub- 
strate. low renin and normal angiotenG!t level\. 

Women taking the pill who become hypertensive do 

not have a normal negative feedback of angiotensin 

on kidnev renin secretion and elevated levels of 

angiotens2in are maintained 1 IX]. The metabolic 

changes mentioned and some of the side effects (e.g. 

many cases of hypertension) are reversible upon 

discontinuation of the oral contraceptive. 

As u unifying concept (which simplifies estrogcn 

interaction to ;I qingle organ and might explain the 
ohserved metabolic changes). it is possible that most 

of the oral contraceptive side effects are due to an 

estrogen interaction in the liver. The estropen may 
change liver function including the synthesis of 

critical plasma proteins that influence the cardio- 

vascular system. 

Changes in mammalian liver function after es- 

trogen administration have been noted over the past 

decade [ 19. 201. However. it has not heen estah- 

lished whether the modifications in liver function are 
due to a direct or- indirect estrogen-liver interaction. 

Oestrogens might change the secretion of other 

organs and these secretions then act at the liver. For 
example. estrogens act at the pituitary tomodify the 

secretion of pituitary hormones. It is conceivable 
that the liver is responding to altered levels of 

pituitary hormones. If the interaction of estrogen 

with liver is direct. it is likely that an estrogen re- 
ceptot wuuld be Iequircd. 

Although putative estrogen receptors were easily 
demonstrated in target organs such as the rat uterus 

and pituitary. eariy attempts io demonstrate an es- 

trogen receptor in the mammalian liver were uil- 

successful. In these early studies. liver preparations 
from immature female rats were used to avoid the 

possibilit), that endogenous estrogcn. secreted by 

the mature ovary. might have occupied theestrogen 
receptors. This laboratory found that csrrogen 

binding was readily detectable when the livercytosol 
W;I\ prepared from adult female rats 121-741. The 

iiver estrogen receptor. uniike that described in any 

other organ to date. increases 5- to IO-fold at about 
the time of puberty in the rat. The concentration of 

estrogen receptor5 in the adult female rat liver is 

approximately 1’1 of the concentration found in 

uterine cytosol. Assuming that one estrogcn mole- 
cule binds to each receptor. the number of cstrogen 

receptors is estimated to he hNO/hepatocyte. The 
liver receptors have heen shown to bind estrogens 
with high specificity and to consist, at least in part, 
of protein. The equilibrium dissociation constant 
for radioactive estradiol is I k 10~ “I M. indicating a 

strong binding affinity. An estrogen-specific hinding 
protein has been found in the liver cytosol of all five 
mammalian species studied including the monkey. 

The estrogen-specific binding sites in the man- 

malian liver appear to he receptors since they fulfil1 
several aspects of the current concept of steroid 
hormone action. It is thought that steroid hormones 
first bind to cqtoplasmic receptors. The cytoplasmic 
receptor-steroid complex then moves from thecylo- 
plasm to the nucleus (tran4loc~ttiorl) and attaches to 

chromatin. In vitro, the translocation IS ;I temprr;t- 
ture-dependent step(25, 261. We have demon- 
\!r:r!eCd tran>!<>ca!i<.>!! jn I& !‘>I1 live! :jf!,;!- \hC,! I 
periods of incubation of adult female IUI IIL.U \IICC\ 

with radioactive estradiol. initial binding in c\ IOYOI. 
was detected. After Nmin incubations ;II 2i OI ;- 

(hut not at 0”) the hinding protein is no Iongcr 

detectable in the c!,toplasm. hut C;III hc found 111 

highly purified nuclei (sedimented through dcnsc 

sucrose). Both the initial cytosol and ~uhwquc~lt 

nuclear radioactive hinding can hc prc‘~cnted h\ 
adding non-radioactive diethylstilhestt-ol tl)t’S, I,) 

the slice incubation 1271. DES 14 ;I strotlllcOiiii)etlt~lt 

for radioactive estradiol binding to ck topl;lsmlc 
estrogen receptor\. Estrogen hinding and ti~ansloc;i 

tion in rat liver also can be shown irr I,~I,CJ. ;Zf !cl 

administration of at1 esfrogen, the concentration of 

cytoplasmic receptor is diminished. A conccmitant 

increase in the estrogen-receptor cornpIe\ in highl! 

purified nuclei is observed. The cstt-ogen qxificit! 

of the receptors which appear in the nllclci 14 

similar to the specificity of the Irccrptor InitialI\ 

present in the cytoplasm [?-XI. 
The increase in estrogen binding in the li\el~ ;!c 

companying sexual maturation of the rat carrel.rcs 
with a specitic response to the ~ldministr;ltic,II of 

estrogens. The estrogen response of greatc\t ICI;I 
tive magnitude in the rat liver i\ an incrca\e ill ttx 

synthesis of the plasma protein renin \uh\tr’alc 

Administration of 100 ,~g ethinyl e\tradiol for- 2 rl;i! \ 

increasea plastna renin substrate IN per-cent ;tho\c 

control levels in the adult hut ha\ little effect OII the, 
plahrrki tenin sul~\t~;i:r in tile ~IC~JLIIW~LCI~I ~;it 12-l. 

The increase in pla\mu renin \uhstratc in the adult 
rat has previously been shown to he due tcr incrca\ed 

iiver \ynihesis of ihr proieili and is a dir-cci iivc~ 
effect of the estrogen. Addition of l>FS to at1 IQI 

kited perfused rat liver preparation increases the 

synthesis and \ect-etion of renir \uh\ttxte inlo the 
perfusate [Y]. In contrast to estrogcn :idministr;i 

tion. prepuhescent rats exhibit the wmc incI.c:t\c IH 
plasma renin suhstrare 214 the xiul~ I-;~I af~cr ~I~Ic~~~ 

corticoid administration. This prefcrcntixl ;Ih\erlcc 
of response to z\trogcn\ i\ con\i\lent L5 ith ,i 10~ 

coticenIraiion of esirogeii recepior\ iii rhc, II I L’ 

pubescent rat liver. 

If some of the major side effect\ arc mediated h> 

;I treceptorxstrogen interaction in liver. the \afct\ 
of the oral contraceptives might he improved I>\ 

minimising this liver interaction. .-It the amc time. 
in order to derive the henetits of the c\trogen. the 
effect\ in the hypothalamic-pittlit~lr~ a\i\ and in the 
endometrium would have to he maintain4 ‘l‘hrl\. 
;I preferential ditninution in liver e~tro~eli-i-cc‘cl~t~~t. 
interaction or function might lead to c\tI-o~cnic 
action with an improved therapeutic -atic). ‘I his 
might be accomplished by utiliring wmc dilferenc~c 
in the estrogen-receptor function in the liver flom 
the estrogen-receptor function in the hcpoth;ll 

amu\. pituitary and ukrus. 
Figure I represents ;t \implitietl xhem:itic 

wquence of the ebcnts which arc considcrcd 1~1 
constitute the pt-oce\s of steroid-receptor fllrlcllotl 
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Fig. I. Estrogen-receptor fun&m in target ceils. Key: 
E represents estrogens and R represents the receptors. 
Initial cellular changes are symholi7ed hy messenger 

RNAs. 
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represent a hepatocyte, endometriat ceil or pituitary 
cell. The chemical identity of the estrogen is also a 
variable: for example, it could be ethinyl estradiol 
or DES. 

Theoretically the estrogen receptors in various 
cells could bc different proteins. Thus far. there is 
noex~erimental evidence suggesting any substantial 
difference in the estrogen binding characteristics 
..F *I__ ,...+,,1........:~ L_^^^ t,... *.E +L- &I...-.. ,.-A &I.,. “1 LllC cyllrylaallllr IcLr;pt”, “I L,‘C IIYGI illlU LllC 
cytoplasmic receptor of the uterus. However, there 
seems to be a quantitative difference in the number 
of receptors per cell. The number of estrogen recep- 
tors determined in rifm per hepatocyte is lower 
than the number of receptors per uterine cell[BJ 
or pituitary cell [IJO]. Estimating from autoradio- 
graphic localization studies in GLV, the hypothalamic 
neurons which concentrate estradiol also seem lo 
contain high levels of receptor [3 I]. 

A second difference is that the liver is the site of 
extensive metabolism of steroids including estro- 
gens to inactive derivatives. In liver slices. radio- 
active estradiol is rapidly converted to metabolites. 
Most of the metabolites do not seem to bind to the 
cytoplasmic receptor and promote its translocation 
to the nucleus 1271. Accordingly, the free concen- 
tration of a potent estrogen may be lower in the 
cytoplasm of a hepatocyte than in the cytoplasm of 
an endometrial or pituitary cell or in a hypothalamic 
neuron. Since the rate of receptor-estrogen com- 
plex formation is second order. a low concentration 
of receptor multiplied by a low concentration of 
potent estrogen in cytoplasm may result in the for- 
mation of receptor-estrogen complexes at a lower 
rate in liver relative to the rate in other target cells. 
We have observed that, 60 min after subcutaneous 
administration of 5 peg ethinyl estradioi to adult 
female rats. the receptor in the uterus is depleted 
from the cytoplasm and is found in the nucleus while 
only a small fraction of the receptor in the liver is 
translocated. The number of receptorestrogen 
complexes in the nucleus is then estimated to be 
,_,X‘. ,.. . _._^^I 
Kortitiver ceii and ~~/uterine ceii. i)niy at higher 
doses of ethinyl estradiol (e.g. IOOyg) is a sub- 

stantial portion of the cytoplasmic receptor in liver 
translocated to the nucleus [2X]. 

A third and more speculative possibility is that 
there may be differences among cell types at steps 
subsequent to the tr~~nslocat~~~n of the estrogen- 

receptor complex to the nucleus. In the nucleus it 
is postulated that the complex interacts with specific 
acceptors (acidic non-histone proteins’?) on the 
chromatin. These multiple acceptors may regulate 
activity at different genes and lead to the variety of 
responses. The characteristics of the binding of the 
receptor-estrogen complex may vary at the chrom- 
atin acceptors among different cells and even for the 
variety of chromatin acceptors responsible for 
multiple effects in the same cell. It is proposed that 
the steroid-receptor complexes may change the 
attachment of RNA polymerase to initiation sites on 
the genes and may regulate the synthesisof selective 
messenger RNA molecules [ 151. The quantitative 
and temporal relationships between binding of the 
receptor+strogen complexes to the chromatin ac- 
ceptors and the initial responses (e.g. mRNA syn- 
rl.,.r;.., _,,., ,,,.... L,. L:~i..I., .,_..:..I_,_ rt :,. 1,- . . . - ‘I_... 
‘tlca‘a, tl‘ay Cl,>” UC: I1Ig;LIIy YCUI‘iClfC. il f’r hllCfW,l itlit, 
more cytoplasmic receptor-estrogen complexes 
translocate to the nucleus shortly after estrogen 
administration than are retained for several hours. 
The mechanisms for short- and long-term disposal 
of the complexes in the nucleus are not known. 

The following ex~mplrs illustrate what may be 
differences in receptor-estrogen nuclear acceptor 
interaction and responses. After subcutaneous in- 
.__*:__ _f _^.__^__._ . . --I. 
recrrorr 01 eslr-ugens In saune to rats, esirioi is as 
efficacious (same maximal effect) as estradiol on the 
uterus with respect to early cellular responses 
(water uptake, glucose oxidation) but much less 
efficacious with respect to a later response (increase 
in dry weight). This seems to be related to the brief 
retention in the nucleus of the receptorestriol 
complex. while some of the receptor-estradiol ctrm- 
plexes are retained for I2 hr1.321. Estriol is as 
effective as estradiol in maintaining the receptor in 
the nucleus and in promoting an increase in dry 
weight if administration is continuous (from paraffin 
pellet implants) 1331. Some triphenylethylerie deri- 
vatives including nafoxidine, clomiphene and tam- 
oxifen have been described as anti-estrogens. These 
drugs appear to attach to the estrogen cytoplasmic 
receptor and to translocate as a complex to the 
nucleus. However, the interaction in the nucleus 
seems to be different from that of the receptor- 
estradiolcomplex. Agreaterfr~ction~~f thereceptor- 
anti-estrogen complexes can he extracted with 0.3 
M KC1 from uterine nuclei 1341. After administra- 
tion in r!iro the anti-estrogen-receptor complexes 
may be partially retained in the nucleus for as long 
as I9 days after a single injection]35]. The term 
anti-estrogen is an inadequate description for these 
drugs. They can produce some uterine effects as 
well as estradiol (e.g. increase in uterine weight after 
a single injection) while they may not produce some 
othereffects. Translocationof the receptor-estradiol 
complex to the nucleus leads to protein synthesis 
of new estrogen cytoplasmic receptors (replenish- 
ment). Repler~ishment after anti-estrogens may he 

long delayed and might partially explain the refrac- 
tory state observed to subsequent administration 
of estradiol[36]. Anti-estrogens may also have com- 
plicated effects on the liver. For example. adminis- 
tration of the estrogen ethinyl estradiol to monkeys 
increases plasma transcortin and thyroxine binding 
globulin and decreases plasma haptoglobjrl. most 
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likely by changing their hepatic synthesis. Nafoxi- 
dine administration increases transcortin and de- 
creases haptoglohin hut does not increase thyroxine 

binding globulin. The increase in thyroxine binding 
globulin with ethinyl estradiol can he blocked by 
rr>nrlminictration ,,f nafnuiriinp 1171 -l-h,,< nrrfnui. _Yl_ . . . . . . . .,......-.. -. .....V,,.Y,,,~ ,_,, ,_ , ,,ua. ,,LL.~I,\, 

dine behaves as an agonist with respect to trans- 
cortin and haptoglobin and an estrogen antagonist 

with respect to rhyrouine binding globulin repuk- 
tion. Perhaps the nafo~idine-receptor complex in 
liver chromatin i4 effectice at the acceptor-\ that 
increase mRNA fortranscortin anddecrea\c mRNA 

for haptoglohin but does not hind or i\ ineffective 

a( the acceptor regulating mRNA for thl roxine 
binding globulin. ‘l‘hi\ model suggests that the c\- 
Irogen receptor c‘:~ti exi4f in different c~)tif0riil;tti0ii~ 

in the nucleus depending upon !he drug attached. 

with variable binding to acceptor\ and re\pott\e 

characteristics. 
Hased LI~OII the model presenlcd. estrogen rc- 

\ponse\ in liver might differ from ectrogen response\ 

in other target organs due to relatively lower cott- 
centrations of reccptor<strogen cotnplelcs trana- 

located to the nucleus or tc> the interaction or 

function of these complexes with the gcnomc. 

‘fhc receptor studies in the rat liver suggest that 

at least borne direct &rogen mediated effect\ on 

liver should require higher dose\ of cslrugcn than 

are required for effect5 in other organs. A high dose 
(300 ,ug) of ethinyl catradiol i\ required to obtain a 

niauimal increaw in plasma rcnin 4uhstrate of rata 

‘3 hr later [3X]. In contrast. only ;I few ,O,C of es- 
tradiol or elhinq I e\tt-adiol are required for maximal 

utero,trophic efiects. ‘The do\e\ of cstrogcns that 
elevate plasma transcortin are alw relatively high in 
the human. The doss of estrogens for half-maximal 

increase in tran\cortin (administered daily for Z! 

weeks to men) arc 90 ,~g ethinyl estradiol. I .J mg 
._ _.^ .^,.. 
L)L3 or -35 mg prcniarin )iY[. The dose of ethinyi 

eslradiol recommended by the FDA for combined 

oral contraceptives is 50 ,0g or le\\. 

‘The newer combined oral contracepttves contain 

lower amounts of both the estropen. ethinyl estr;t- 

dial. and of the progeatin. Decreasing the amount 

of the ethinyl e\tradiol to about 30 ,~g \eems to retain 

contraceptive etfectiveness (and to produce regular 
menstrual bleeding patterns in tnost women). Some 

estrogen t-elated plasma protein changes are oh- 
served with 30 ,~p ethinyl estradiol in the combined 
pill, hut the changes are less than with higher doses 

of the estrogen 1301. The only evidence to date that 
reducing the ethinyl estradiol dose diminishes a 

major side effect is that pills containing 50,~g 
increase the incidence of thrombosis less than do 

preparations containing mot-c than 50 ,~g [4 I. 311. 
It is not yet known whether decreasing the ethinyl 

estradiol dose below 50 ;rg will further reduce the 
risk of thromhosi\ or of the other side effects. An 
ongoing large scale prospective study of oral con- 
traceptive users and non-users has recently indicated 
that an increased risk of cardiovascular disease is 
still observed in oral contraceptive users, but 
insufficient information is available to assess the 

value of reducing the ethinvl estradiol dose below 

Alternatively. a wfel- combined or:11 contracep~ 

tivc might be obtained hy changing the e\trogett. If 
the major side effects are mediated hq c\trogctt-- 
r~~-~nt,,r ;nt~r:~r-ii,,“< ;I, the I;\;,~,- .~r,r\thr*,- r~<tr<\<rr~n .b-.,,I’\,. *..L.,..LIL.\II... . . . \.... . . , _. , <..a \... SC. . ,.‘\,bC” 

could he selected or developed which preferentialI) 
minimized the liver-estrogen interaction or function 

while producing estrogen cffccty in the hypothal- 

amic-pituitary aui\ md in the endometrium. 

An csi(rogen receptor has hcen demonstrated in 

the mammalian liver. It is acytoplasmic protein with 

a high specificity and affinity for binding estrogcn~ 
The receptor-cstt-ogen cornpIe\ can (t-;tn\locate to 

the nucleu\ of the liver cell. At Icas~ \otnc of the 
major \ide effects of the estrogen\ in oral contra- 

ceptive\ (and in preparal ion\ used at tncnopari\c) 

may be due to the e\trogen directly acting at the 

liver-. The receptorPe\trogen complex may modify 
hcpatic function including changing the \ynthesi\ of 

\ome critical plasma proteins. ~stropcti-t-ecept~~t- 

function in liver may differ from that in other target 
organ\. This difference tnight provide ;I molecular 

basis for the possibility of diminishing \ide effect\ 

while maintaining the desired effect\. It might pro- 

vide a hasis for the possibility that the ttcM,er COIW 

bined oral contraceptives ~ilh lower ;rmoun~~ of 

ethinyl estradiol will have les\ side effects. Altern:t~ 

tively . further eltrcidation of the function of the 
estrogen receptor in the mammali;tn liver might lead 
to the design or selection of a \afer e\trogen. 
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